ct

the kidneys with peroxisome proliferation. This may relate to
tha fact that a hyperplastic resvonse for the kidney at a
magnitude comparable to that of the liver has not been
cescribed,

There are not yet any comprehensive data on carcancgenicity
testing of compounds that are structural analogs of DEHP and

are not associated with peroxisomal proliferation.
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VII, TERATOGENESIS AND OTHER REPRODUCTIVE HEALTH EFFECTS

Eich on the list of ouplic concerans vosed by arposure to chemical
substances is the potential for infertility (male and femals),
reproductive failure, malformed offspring, and inheritad defects thar
may affect future generations. The avallable data on the potential of
DEHP to adversely affect reproduction come from animal experiments and
deal mostly with testicular atrophy, fetotoxicity, and teratogenicity.
A. Male Reproductive Effects

After a single oral administration of DEHP to male Wistar rats both
DEHP and MEHP are found in the testis, reaching a maximum within 6 to 24
hours after dosing (Cishi and Hiraga 1982). The ratio of MEHP to DEHP
in the testis at 6 hours was the highest among the tissues examined.

The amount of parent compound reaching the testis is relatively low,
however. Using radiolabeled@ DEHP, Tanaka et al. (1975) found at most
0.036% and 0.13% of the radicactivity in the rat testis after
intravenous or oral administration, respectively, within 24 hours after
administration. Among tissues the affinity was lewest for testis and

brain with either route of administration.

1, Testicular Atrophy.

At high dosages, exposure of male rats to DEHP causes testicular
atrophy characterized by degeneration of seminiferous tubules. The
testicular effects appear to be related both to dosz and duration of
exposure. A diet containing 2% DEHP fed to 5-week-old Wistar rats

produced testicular atrophv in one week with average testicular weights
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of 0.82 grams compared o 1.45 grams in untreated control rats (Oishi
ané Hiraga, 1980a). <In the 7T supchroanic dbioassay similar effects were
Iound in F344 rats after 90 days when 1.2% DECP was fad in the dietr. Tn
the TP chronic bioassav, G.6% TFEP in the diat caused tasticular
atrophy after 2 years. The course of davelopment of the lesions
produced by DEHP is unclear, with competing unsubstantiated claims that
the spermatogonial cells or the Sertoll cells are the target cells and
with insufficient study of early events, dose, and dose-rate responses
to establish the pathogenesis, The nature of the lesion, however, is
clearly generallzed atrophy of all the germinal tissue without
appreciable overt necrosis. Reduction in sperm number is not associated
with morphologically abnormal sperm (Douglas et al 1985). As one might
expect, the activities of succinic dehvdrogenase and adenosine
triphosphatase are reduced within atrophic testes (Seth et al 1976).
Testostercone secretion in response to human chronic gonadotropin is
decreased after DEHP administration (0Oishl and Hiraga, 197%). 1In
addition to testicular atrophy, reductions in the weights of seminal
vesicles and prostates were reported in 4-week-old rats but not in
15-week-o0ld rats (Gray and Gangelli 1985, unpublished).
Co-administration of testosterone or gonadotrophins did not protect
against phthalate-induced testicular atrephy.

Mechanistic studies of DEHP associated testicular atrophy have
centered on the role of zinc., 2Zinc is found normally at relatively high
concentrations in testicular tissue and zinc deficlent diets are known
to reduce the rate of growth and development of lmmaturs testes, The
atrophic testes assoclated with DEHP administration contain=sd decr=zased

concentrations of zinc (Oishi and Hiraga 1980a). inc concentrations
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in liver wers also reduced. In a comparative stuédy of phthalate esters,
Tostar et al (1980) reportzd that following oral administraticn %2 racs

for « davs at 2osas of 7.2 mmol/kg/day, dimethy, 4diethyl, and dipropvl

vizyr

O

phthalates producad neithar testicular atrophy nor decreased testi
zinc concentrations wnile di-n-butyl, di-n-pentyl, and di-n-sctyl
phthalates produced both testicular atrophy and lowering of testicular
zinc content. In a similar study with dibutyl phthalate, daily oral
administration to young rats at 2000 mg/kg for 4 days resulted in
increased urinary excretion of zinc and decreased zinc content in the
testes., Co-administration of zinc afforded substantial protection
against the testicular damage produced by dibutyl phthalate (Cater et al
1977). Although an assoclation between testicular atrophy and zinc
concentration has been established, it is not known whether a cause and
effect relationship exists or what the mechanism of testicular atrophy
might be.

The effect of age in modifying DEHP induced testicular atrophy
recelved special attention by the Panel. It had been repeatedly
observed that oral administration of DEHP produced testicular atrophy at
high doses in immature but not in mature rats. Spermatcgenesis is not
fully developed in rats until about 2 months of age and in this respect
young weanling rats resemble male children nearing puberty. It was of
interest, therefore, to learn of an unpublished report (Sjoperg ot al
1985) in which it was observed that the age difference in rats was seen
after oral administration of DEHP but not after repeated intravznous
infusions of emulsified DEHP. The data suggested that gastrointestinal
absorption of the metabolite MEEP was greater in young rats and that the

apparent age discrepvancy merely reflected differences in the amounts of
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MEHP and/or its metabolites that reached the target tissue. Oishi and
Hiraga (1980b) nave chown that three monoestars of phthalic acis,
ancluding MERP, are as zffective in producing testicular atrophy in rats
as their raspective dissters.

Testicuiar atrophv can be produced by DEHP administration in mice
as well as in rats (MTP biocassav) but the effects are less pronounced
than in rats. In one study, male mice fed 2% DEHP in the diet for 7
days had reduced testicular zinc concentrations but no decrease in
testicular weights (Oishi and Hiraga 1980c). The relative resistance of
mice to testicular atrophy as compared to rats may be due to the
relatively greater zinc concentrations found normally in the testes of
mice. Hamsters are also more resistant than rats to testicular atrophy
following intubation of DEHP in corn oil (Gray et al 1982). The Panel
is aware of one unpublished report (Rhodes et al 1985) in which oral and
intraperitoneal administration of DEHP (5 mmol/¥g) to marmosets for 14

days was sald not to produce testicular atrophy.

2, Male Fertility and Dominant Lethal Effects.

In view of the evidence summarized above that DEEP can cause
testicular atrophy in rodents, it would not be surprising if affected
males had reduced fertility. Evidence of reduced fertility has indead
been obtained in experimental male animals. The data came principally
from studies in mice that were designed to detect dominant lethal
effects and in which male reproductive capacity was simultaneously
investagated. (References to dominant lethal assays in mice are listed

in the chapter on mutagenesis).
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In one set of experiments {Autian 1982), groups of 7 to 2 male mice
were intectad with DEEP subcutaneocusly on experimental days 1, 5, and 10
at 10 dose levels ranging from 1 to 100 ml/¥g. =Each mouse was mated
with a virgin female mouse on day 21 following the first injection and
for the next three consecutive davs. The incidence of pregnancies
issuing from dosed males was reduced at all dose levels in a
deose-related way. There were also increased numbers of preimplantation
losses and early fetal deaths and a corresponding reduction in the
number of live fetuses per litter., In a second set of experiments, -
groups of 10 male mice were treated with DEHP subcutanecsusly on days 1,
5, and 10 at dose levels of 1, 2, 5 or 10 ml/Kg. FEach male was mated
with a different female every fifth day up to 21 days and then every
week up to 8 weeks. Experiments of this sort account for the
possibility that spermatagonial cells in various stages of development
{(the developmental cycle in mice takes about 7 weeks) may differ in
susceptibility to the test substance. The resulting data were used to
generate a so-called mutagenic index (early fetal deaths/total implants
per pregnancy) which showed a dose-related trend with slight increases
compared to controls at all mating intervals. In a similar experiment
by the same group {(Singh et al 1974), male ICR mice were treated with
single intraperitoneal injections of DEHP or MEHP at one-third,
one-half, and two-thjirds of the acute LD50 dose. After both compounds,
weekly matings over a l12-week~period produced a reduction in incidence
of pregnancies, reductions in number of implantations per pregnancy and
of litter size, and early fetal deaths. The effects were most
noticeable during the first three weeks of mating, indicating that late

stage spermatogenial cells had be=n affected. Similar antifertility
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effects wera found when the same methods were applied to di-2-etnylhexyl
adipate and teo disthvl adipate in micz (Singh et al 197Ea),

On the other hand, when DEHP, MEEP, or FH were tasted in a similar
dominant lethal assay protoccl, except for administration bv gavage in
corn oil for five consecutlve days, the resulting fartality indices and
implants per pregnancy were within the normal range for all three
compounds (Rushbrock et al 1982). (See also the chapter on
mutagenicity.) The Fanel noted that the reports of the positive
dominant lethal effects of DEHP all came from one laboratory and that-
subsequent breeding experiments to demonstrate germ cell mutations have
not been conducted.

Conclusions. The Panel concluded that for both DEHP and MEHP there
is evidence of adverse effects on male reproductive performance
including reduced fertility in mice and testicular atrophy in rats and
mice. Information regarding low dose effects, mechanisms of action, or

possible germ cell mutations 1s unfortunately lacking.

B. Female Reproductive Effects

Few studies have addresscd the possibility of ovarian atrophy
comparable to the testicular atrophy in males. Seth et al. (1976) gave
prepubertal female rats three intraperitoneal injections of DEHP (5
ml/Kg) on days 1, 5, and 10, On day 22 of the experiment the animals
were killed and no detectable differences were found histolcgically in
the ovaries of dosed and control rats. It may be, however, that adverse
2ffects might have been found in older rats with maturing ova.
Hikonorow et al (1973) administered 1.7 g/Xg DEHP in olive 5il by gavage

daily to Wistar rats for 3 months pre-mating., Administration before
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gestation had no effect on conception, litter size, or fetal
abnormalities.

Tn the body DEKP ra2achas the femala reproductive organs and crosses
the placenta into the fetus. In one study, for examplz, radiolabeled
DEHP administered once intraperitoneally at a dose of 1 or 5 ml/Kg to
pregnant Sprague-Dawley rats on either day 5 or day 10 of gestation was
present in the maternal blood, fet2l tissue, amniotic fluid, and
placenta throughout the remainder of the gestation period (Singh et al
1975b). Less than 1% of the administered dose was found in these -
tissues at any of the measured times and none of the tissues had
consistently higher levels than the maternal blood. This study showed
that radiocactivity was transmitted across the placenta to the fetus and
that the radicactivity was detectable for at least 15 days post
Injection. . There were no clinial signs of maternal toxicity.
Placental transport of DEHP has also been demonstrated in guinea pigs

using a placental perfusion technigque (Kihlstrom 1983).

C. Fetotoxicity and Teratogenicity.

The possible effects of DEHP on the fetus have been investigated in
the rat, hamster, mouse, and chick embryo. In the rat, fetotoxic effects
have been demonstrated but few or no terata. For example, Singh et al
{1972) administered S or 10 ml/Kg DEHP in cottonseed oil
intraperitoneally to pregnant Sprague-Dawley rats on days 5, 10, and 15
of gestatlon. ©On the 20th day of gestation the rats were killed and
examined, Compared to contreol rats, DEHP exposed rats had more resorbed
fetal sites and fewer and smaller live fotuses. WNo skeletal

abnormalities were found, but 22% gross abnormalitiss {type not

167



specified) were found compared to 2% gross abnormalities in control
rats. Similarly Nikonorow et al (1973} reported that groups of 10
pregnant Wistar rats raceiving 0,34 or 1.7 g/%xg DEHP daily by gavage for
the 21 days cof gestation had incraased numbers of resorptions and
decreased fetal body weights., 1lio gross abneormalities werz found in tha
fetuses. MNakayama et al (1968) administered 5 or 2.5 ml/Kg DEEP orally
to rats between days 7 and 13 of pregnancy. About 50% of the implants
were resorbed but no teratogenic effect was found. Onda et al (1978)
fed DEHP to pregnant Wistar rats at dose levels of 2, 1, 0.4, and 0.2
gm/Kg/day. Here, too, increases in numbers of resorptions and decreases
in fetal body weights were found.

Tomita et al (1982) conducted in vivo/in vitro experiments in
Syrian hamsters in which pregnant hamsters were given ¢.5 ml DMSO
containing DEHP or MEHP orally on the 1lth day of gestation. The range e
of doses tested was from 3.75 to 15 g/¥g for DEHP and from 0.375 to
1.5 g/¥g for MEHP., A day later the cells were excised and cultured.

Both DEHP and MERP produced chromosomal aberrations and meorphologic
transformation in the embryonic cells.

In mice, DEHP is both fetotoxic and teratogenic. HNakamura et al
{1979) gave a single oral dose (0.05, 0.1, 1.0, 2.5, 5, or 10 ml/Kg) of
DEHP to ddY X CBA mice on day 7 of gestation. The three highest doses
were severely embryotoxlc with almost no live fetuses., The 1.0 ml/¥g
dose produced 59% late fetal deaths, 18% skeletal abnormalities and 8%
other gross abnormalities. The skeletal abnormalities included
elongated and fused ribs, absence of tail bones, abnormal or incomplete
skull bones, and inccomplete or missing leg bones. The lowest dose used,

0.05 ml/kg, resulted in decreased fetal body weights. The dose of DEHP

producing the background lzvel of fetal deaths (2%) was estimated to be
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64 mg/¥g. Shiota et al (1980) fed diets containing 0.95, 0.1, 0.2, 0.4,
or 1% DIHP +o ICR nmice taroughout pregnancy. The thrae haigher dose
lavels resultsd in decreasad matzrnal weight and increzased resorptions.
21l the implanted ova died in uterc at the 0.4 and 1% lavals of DEFP,
The rate of malformations incrzased at 0.2% and above ard wersz
principally neural tube and skeletal defects., OCnda st al {1974)
reported renal cysts and skeletal malformations in mice fed DEHP
(details not provided).

In chick embryos, Lee et al. (1974, 1977} reported that 0.05 ml -
DEHP injected into the yolk sac of 3-day-old embrycnated eggs was toxic
and caused fetal growth retardation and non-specific malformations
particularly in the central nervous and skeltal systems. In dying
embryvos the most conspicuous change was degeneration of extraembryonic
blood vessels,

Thomas et al (1979) failed to produce teratogenic effects in
rabbits by intravenous injections of MEHP (1.14, 5.69, or 11,38 mg/¥qg)
dally for 13 days starting on the 6th day of gestation. The two higher
dose levels produced some maternal deaths. The teratogenic effects of
MEHP were also evaluated In the rat (Ruddick et al 1981). Groups of 15
Wistar rats were given MEHP daily by gavage {225, 450, or 900 mg/Kg) on
days 6 to 15 of gestation. MEHP was lethal to 3, 4, and 11 mothers in
the respective dosage groups. The experiment was then repeated at lower
dosages (50, 100, or 200 mg/Kg). Maternal weight gains were reduced at
the 100 and 200 mg/Ky dose levels. Litter welghts and litter sizes were
reduced at the 450 mg/Kg dose level bu. not at lower lesvels. Excess

teratologic effects were not found.

169



Di-2-ethylhexyl adipate (DEHA) was tested for teratogenicity ({along
with six other adipat2s) in Sprague-Dawlav rats by intraperitoneal
injections (1, 5, or 10 ml/¥g) on days 5, 10 and 13 of gestation (Singa
et al 1973). Although the authors conclude that 2ll tne adipic acii
esters studied had some deleterious effscts upon the developing embrvo
and fetus, the tabular data for DEHA showed no significant differences

from control data.

Conclusions. The Panel concludes that DEHP is fetotoxic for rats
and mice and teratogenic for mice, producing abnormalities of the
skeletal and nervous systems, The major metabolite of DEHP, MEHP, is

fetotoxic for the rat,
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VIII. CONSUMER EXPOSURE TO DEHP

The ewxposure of the ggnsral public to DEHP is peliavad td be
extensive as a result of its widesprzad usage 1n consamer vrodustz. The
principal sources of diract human exposure result from the formulation
of plastic products and the migration of DEHP from those products during
use. Included among the diversity of products in which DEHP is employed
are blood storage bags, dialysis units, flooring materials, wall
coverings, upholstery, shoes, vehicle seats, toys and infant items, food
wrappers, and numerous pesticide products, whers it serves as a solvent,
carrier, or plasticizer. Exposure of people to DEHP is pogsible as a
result of:

(1) Inhalation of DEHP which has volatilized from varlous products,

{2) Dermal absorption as a result of direct skin contact,

(3) Ingestion of foods or drinking water ceontaining DEHP.

Ingestion of DEHP may also occur as a result of sucking
activity to agents, such as pacifiers, which contain high
percentages by weight of DEHP, and

(4) Intravenous from blood transfusions or other medical

procedures.,

Given the broad nature of the products that contain DEHP it follows
that exposure in the population will be widespread and not limited to
any particularly exclugive subsegment of the population. Nevertheless,
certain subsegments in the population can be expected to be exposed to
significantly greater amounts of DEHP,

The broadest detailing of potential human exposure to DEHF derives

from a 1980 report of the U.S. EPA. The Agency attempted to cuantify
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exposure for a wide range of peoplae: patients undergoing blood
transfusion, including hemophiliacs; ratients on kidney dialysis:
surgical patients undergoing cardiopulmonarv ovpass: the genaral
population with respect to Iood and water consumption: and children from
specific products. With respect to food, 1t was estimated that througn
consumption of commodities with a high likelihood of DEHP contamination
(margarine, bread, etc.), the estimated average daily adult exposure is
209.8 ug. Levels in commnity drinking water, on the whole, are
thought to be negligible, although individual instances of contamination
may be high.

Considerably higher exposures may occur for those persons receiving
transfused blood. Egtimates of exposure range widely depending on
numerous variations with a high exposure, although not worst-case, being
on the order of about 50 mg DEHP after transfusion with several units of
bloed. 1In the U.S5., about 3,000,000 people are exposed to DEHP from
transfusions each year.

Another group receiving high exposure to DEHP consists of those
undergoing dialysis., Fach dialysis patient is estimated to receive
about 90 mg DEHP per treatment, In the U,S. there are about 50,000
dialysis patients potentially exposed to DEHP., With respect to
hemophiliacs, there is also the possibility of high DEHP 